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Spatial and Temporal Variability of Carbon Dioxide: A Local-to-Global Perspective.
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NASA LEARN Program Data Sources Hardware

Procedure

The NASA LEARN Project is an innovative program that| | A variety of data were used to not only gain perspective in how carbon dioxide values are recorded, but also to shed light on the One of the take-home concepts of NASA LEARN is the availability of NASA
provides educators with on-site research and training with | |differences in readings that result from where the measurements are taken: | datasets for classroom and amateur scientific use. In this case, AIRS and
NASA scientists durine the summer and seuided research TYPICAL ONE-DAY SCAN PATTERN y e TCCON CO, data were utilized. In addition, CO, concentration data from the
acts that i 5 th hout th i | h AlRS (AQUA) TCCON NOAA °° AY P Mauna Loa Observatory were compared with previously-collected data..
Projects that con mue.on rougnou e SCNnool year. €se R I P Because AIRS, TCCON, and NOAA data were formatted differently, it was
educators conduct their own research, with help of a team of §4oi i important to translate them into a usable form that could be read, analyzed,
NASA scientists, through on-site collaboration and virtual At eric Infrared Sound Total Carbon Col Obseryi NOAN CO t 2, and graphed with a minimum of difficulty; to wit, Microsoft Excel was used as
: . : . mospheric Infrared Sounder; otal Carbon Column Observin ’ g :
meetings. They share and integrate these projects into the P . . , . ¢ > L5 Mmeastremen * uf a repository for these datasets.

on NASA AQUA satellite. While Network; a series of 18 ground- | program, conducted near the ' "\ : . .
- - - - ’ 10 L4895 Scan With AIRS data, a text-to-columns arrangement delineated by latitude and
classroom, concluding the process by presenting their projects . not optimized for CO, based Fourier Transform summit of Mauna Loa (3400m \><-—D"em°n longitude requires sorting. NOAA’s data is similarly organized. On the other

. . . . . . Scan - . .
at a final poster session attended by the NASA Langley Science Program DESCprtIOh measurement, delivers mid- Spectrometers operated in a asl), provides the longest ;!--A-Otf‘.’?i:}’/ hand, TCCON data is organized to accommodate the vast number of readings
Directorate. tropispherlz. " varletyI oflc();atlons. Cafn record contmuo.us fjatzfl on atmospheric 55{) R — that are taken by each site’s system; at last count, per available data, the
(5-9 km)readings with a scan several readings per minute. carbon dioxide in the world. It 5 - o Afttud: 705 kan Darwin station has logged more than 159,000 CO, readings, even with notable
. ! * Scan Period: 2.667 s

swsth o;‘ abc;ut 8|(1)0dkm. Covers |Usedto measturte tkhe abccuracy of | was begun by C.D. Keeling at opscion « Grotd Fodtortots: S0rScai gaps . Data of this system is delineated by day-of-year as well as decimal UTC
BaCkgrou nd e€Nntire planet each day. measurements taken by the Scripps Inst. of ~ time, with an added caveat of negative values. This is done because many
SCIAMACHY . Oceanography in 1958. TCCON stations operate in time zones where a local day crosses over

Figure 7: AIRS instrument structure and function.
Note that AIRS is one component of the AQUA
satellite, containing several different instruments.

two UTC dates. The UTC day value that comes first is used, hence the need for
negative values to describe readings that occur around a change to a new day.

Carbon dioxide, a naturally-occurring trace gas comprising about
0.039% of Earth’s atmosphere, has gained considerable attention

A Fourier Transform Infrared

. . . IR spectrometer using 2378 Spectrometer uses IR light to , The decision was made to use data values for the years 2005-2011 because
in recent decades for its ability to store thermal (IR) energy, channels; 90 footprints per measure gases contained in the | Fourier Transform Infrared TCCON Sites this provided full years’ worth of data from each resource (AIRS 9/2002-
contributing to the phenomenon called the Greenhouse Effect. Instrumentation 2.667-second scan period (using | air through which the light Spectrometer ; hourly e - present; TCCON 9/2005-present; NOAA 3/1958-present). However, due to
This compound, combined with the effects of water vapor, a rotary scan mirror providing up | passes. The term Fourier refers | calibration using reference gases e Kt L data processing timeframes, not all data is available immediately (current AIRS
methane, CFCs, and ozone, among others, alter Earth’s radiation to 49.5° of coverage) at an to the formula used to convert | of known CO, mole fraction. o Ctamem T availability 2/2012; TCCON 6/2012; NOAA 5/2013).

budget to produce higher global temperatures, local weather altitude of about 700 km. time data into a frequency Data were graphed for ease of viewing similarities in the datasets,
extremes, and changes to planetary ecology. function. n S determining if data were correlated, and if there were explainable differences
With  historical evidence supporting atmospheric  CO, Up to 4 parts per million volume | Approximately 1 ppmy; Continuous calibration (hourly) easbo in the data between different modalities in a particular timeframe. Data were
concentrations of no more than 300 parts per million volume (ppmv), when compared to flask | achieved by comparisons to provides for an accuracy of 0.2 * Operational Site Laudes” graphed using the Igor software program.

(ppmv) in the last 800,000 years, an increase of 100 ppmv since the Accuracy measurements taken in the aircraft flask measurements over | ppmv. Accuracy determined by " Tureste Correlations were conducted by plotting datasets with identical date ranges; a
.ons.et of the In(#ust:al Revol}:Jti?n i.s statilsticallly Sigrlli.lji.cant. Debs,pit(ej mid-troposphere. each site. flask samples analyzed off-site . U6 8 Geographic distibution of TCGON sites. .:Lc:;)teiov:iﬁiepf)f 1 (one) was favorable to conclude the datasets have a positive
'ts Importance In pnotosynthesis, ts molecuar stabiity, combine Does not take readings below No readings taken during cloudy | Values represent “air masses The creation of line graphs to display CO, data is ideal because potential

with the use of fossil fuels, changes in land use, and population

o . .. . - ' . . . . . . .
arowth contribute to increased atmospheric concentrations and L. 60° south latitude. Data (or worse) conditions. Many that are representative of very ! change over time is being measured, and each timeframe used in graphing is
S g Limitations retrievals occur every 16 days; | sites are remote; with large areas”: values for a single a. not necessarily a different and distinct category to be compared.
; i . | ; y i o however, data product is a equipment malfunctions, site and elevation. ' H,Fk- ‘ ' MYNASADATA’s graphical interface allows the user to create full-color and

rom an academic perspective, understanding the temporal an monthly average over a broad | significant gaps in data can exist. L ) time-series graphics of its datasets; these were instrumental in the first steps
spatial variability of carbon dioxide will provide valuable insight into geographic area (each data point k|| F-f of data analysis for this project.
. ] - 3 :
how the carbon cycle works on micro and macro scales. By represents 2°x2.5° area). LLL_
examining data recorded from ground stations and satellite J.
i i i i 1 1 , : . e Figure 9: Mauna Loa Observatory; Figure 10: Darwin, Australia TCCON
systems, correlations can be made that can validate their readings Data Lifetime Cen 200-Present Varies by site; earliest recorded | May 1974-Present; additional g aune y 9 ba
and show how carbon dioxide moves through the atmosphere over P data May 2004-Present. supporting data to 1958.
time, as well as showing differences in concentrations in different Student InteraCtion 1. Does CO, vary temporally? Yes.
parts of the atmosphere. Factors such as plant life cycles, ocean uptake, and air/water currents are but a
_ _ 400 _ _ o _ While not directly involved in data analysis and research, sixth grade | | few reasons why CO, varies temporally. While Figure 1 displays a “snapshot” of
Figure 1: Monthly averages of CO, concentrations; AIRS (AQUA); May, 2005. | II\:/;glljr:: Eéiogwga;seo;SSIﬁrLRe’?tgIc;%a(l)ISa\égrﬁge data and ] Figure 3: AIRS monthly zonal averages, 2005-2011. mathematics enrichment students from John Yeates Middle School carbon dioxide concentrations in one month, Figures 2, 3, and 4 show
TIME : 15—MA&Y—2005 00:00 | 2 ’ i ' - h : ' conclusively its variability.
i cwal ad the opportunity to study AIRS, TCCON, and NOAA data in tabular y y
O4TA SET: Air Quolity i . Y/ Y/ .
I S Hom 23 305 - ro5 and graphical forms. Groups of students were given a data sample| |2- Does CO,vary spatially? Yes.
. il 1 | and asked to generate questions and conclusions based on the data, | | Carbon dioxide varies according to zone, altitude, and location, according to
380 ] . | . as well as comments regarding the data’s format, ease of use, and | |the site’s characteristics. Figure 3, generated by northern and southern
a81.8 Q i o — . . . 1 H H
sa1.2 € 390 S relevant math concepts. This process was repeated four times during | | hemisphere means (AIRS), reflects the demographic differences between those
3808 s ] < 1 the session. hemispheres; there are more people in the North, hence more industrial
E0-4 S © } . - : : : o - -
s a0 5 £ : ¥ Many students had initial difficulty reading data, attributed mainly to | | activity, fossil fuel consumption, and a balance of unused CO, by the
379.5 c 3] 1 | o R ) ) T
T 702 § - 5 385 (- map keys and/or to length of datasets. This underlies the need for indigenous flora.
37as 9 Q | : T teachers to periodically revisit graph interpretation and analysis, | |In addition, the differences exhibited by the AIRS instrument and the TCCON
378.4 © - P Y grap P Y . . T .
578 _ ] A o & N Hemisphers Avg regardless of its presence or absence in state mathematics standards. | | System (Figure 4) show spatial variability. By design, AIRS takes measurements
70 380 — Mauna Loa CO, 380 — aa ——= Hemispnere Ave in the mid-troposphere (5-9 km asl), while TCCON readings are drawn from
575 RS Glopal aug " ecuraey Conectn | 4 2 samples in the low troposphere (0-5 km asl). It must be noted as well that
jmjm | " these layers markedly differ in their stability, with low-troposphere being the
LONGITUDE 3o | | | | | | 375 - | | | | | | region from which Earth weather precipitates.
1/1/2006 1172007 1/1/2008 1/1/2009 1172010 11172011 . ) .
Monthly Carbon Diexide in Troposphere (4IRS on AQUA) (ppmv) 17172005 1/1/2006 /172007 1/1/2008 47172009 1/1/2010 /172011 Similarly, the data gathered at NOAA’s Mauna Loa Observatory, while taken at
Month/Year Month/Year
a higher altitude (3.4km asl), show the same seasonal variability that the AIRS
g y
400 —, Figure 4: CO, concentrations (in ppmv), as measured by the AIRS 400 — Figure 5: AIRS/TCCON correlation graph, using monthly CO, 400 Figure 6: AIRS/NOAA correlation graph, using instrument collects, though their methods and volume of data differ (Figure 2,
1 satellite instrument and the TCCON network, 2005-2011. TCCON data concentrations; Darwin, NT, Australia, 9/2005-12/2011. monthl éO concentrations 2005_2011’ 6).
| were obtained from the TCCON Data Archive, operated by the California A ! ' 3. Does the data support temporal and spatial variability? Yes!
395 — 395 — N
- o . " of each measuring system display distinct differences, and the data are
= e | . V4
> ] g B - slightly different as well. However, the correlation graphs also display positive
o - | = 3 slopes of 0.95 and 0.9, respectively, denoting a strong correlation between the
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http://tccon.ipac.caltech.edu/
http://mynasadata.larc.nasa.gov/
http://airs.jpl.nasa.gov/news_archive/2013-co2-400ppm/
http://airs.jpl.nasa.gov/news_archive/2013-co2-400ppm/
http://airs.jpl.nasa.gov/news_archive/2013-co2-400ppm/
http://airs.jpl.nasa.gov/news_archive/2013-co2-400ppm/
http://airs.jpl.nasa.gov/news_archive/2013-co2-400ppm/
http://www.esrl.noaa.gov/gmd/ccgg/trends/

